Background and Purpose-To determine whether progression of MRI-defined vascular disease predicts subsequent vascular events in the elderly. Methods-The Cardiovascular Health Study, a longitudinal cohort study of vascular disease in the elderly, allows us to address this question because its participants had 2 MRI scans Ϸ5 years apart and have been followed for Ϸ9 years since the follow-up scan for incident vascular events. Results-Both MRI-defined incident infarcts and worsened white matter grade were significantly associated with heart failure, stroke, and death, but not transient ischemic attacks, angina, or myocardial infarction. Strongest associations occurred when both incident infarcts and worsened white matter grade were present for heart failure (hazard ratio, 1.79; 95% confidence interval, 1.18 -2.73), stroke (hazard ratio, 2.58; 95% confidence interval, 1.53-4.36), death (hazard ratio, 1.69; 95% confidence interval, 1.28 -2.24), and cardiovascular death (hazard ratio, 1.97; 95% confidence interval, 1.24 -3.14). Conclusions-Progression of MRI-defined vascular disease identifies elderly people at increased risk for subsequent heart failure, stroke, and death. Whether aggressive risk factor management would reduce risk is unknown. (Stroke. 2011; 42:2970-2972.)
T he Cardiovascular Health Study recruited 5888 participants from 4 U.S. sites, with follow-up for occurrence of vascular events. In participants without a history of TIA or stroke, findings on the initial MRI scan predicted subsequent vascular events, including death. [1] [2] [3] [4] Incident brain infarcts and worsened white matter grade (WMG) between initial and follow-up MRI scans Ϸ5 years later also have been characterized in Cardiovascular Health Study. 5, 6 Whether progression of these covert MRI findings predicts subsequent overt vascular events has not been addressed and may suggest a role for prevention.
Subjects and Methods
Participants with initial and follow-up MRI scans and without an adjudicated stroke or TIA before their follow-up scans were eligible for these analyses (Figure) . All participants provided informed consent. As detailed previously 5, 6 (Supplemental Methods, http://stroke.ahajournals.org), progression was defined by incident infarcts, worsened WMG, or both on follow-up scans. Incident infarcts meant the initial scan showed no infarcts and the follow-up scan showed Ն1 infarcts. 5 Worsened WMG meant the 10-point semiquantitative measure of white matter hyperintensities worsened by Ն1 grades between initial and follow-up scan. 6 All vascular events and death between completing follow-up MRI scans in 1997 to 1999 and June 30, 2008, were adjudicated, as detailed previously. 7 Median follow-up after follow-up scans was 9.6 years (interquartile range, 5.9 -10.3). Cox proportional hazards models were used to estimate hazard ratios (HR) and 95% confidence intervals (CI), controlling for age, sex, time between scans, current smoking, weight, and histories of coronary artery disease, heart failure (HF), claudication, hypertension, and diabetes, all at the time of the follow-up scan unless part of the outcome measure. Numbers in each analysis varied because participants who had events of interest before follow-up scans were excluded.
Results
Incident infarct occurred in 252 (17%) of 1446 participants and worsened WMG occurred in 472 (27%) of 1741 participants. Both assessments were available in 1312 participants without an infarct on the initial scan. Associations for TIA, angina, and myocardial infarction were not significant (data not shown). Table 1 shows events for incident infarcts, and Table 2 shows events for worsened WMG. These findings were significantly associated with incident HF, stroke, and death. Adding WMG on the initial scan to models for worsened WMG removed significance for stroke (HR, 1.35; 95% CI, 1.00 -1.77; Pϭ0.054), but significance was retained for HF and death. The strongest associations were when both incident infarcts and worsened WMG were present (Supplemental Table) for HF (HR, 1.79; 95% CI, 1.18 -2.73), stroke (HR, 2.58; 95% CI, 1.53-4.36), death (HR, 1.69; 95% CI, 1.28 -2.24), and cardiovascular death (HR, 1.97; 95% CI, 1.24 -3.14).
Discussion
In Cardiovascular Health Study participants without adjudicated stroke or TIA, progression of covert MRI-defined brain vascular disease with incident infarcts, worsened WMG, or both predicted subsequent incident HF, stroke, and death. Risk of stroke more than doubled in those with incident infarcts. Although WMG on the initial scan appears to be more important than worsened WMG for the outcome of stroke, worsened WMG was significantly related to HF and death regardless of initial WMG.
That progression of covert brain vascular disease would increase the risk of subsequent overt brain vascular disease seems logical, but why it would increase the risk of HF and death is less clear. Perhaps these associations reflect shared risk factors that were not considered or not well-measured because including risk factor measures in multivariable models did not eliminate these significant associations.
Although the study has strength in its large longitudinal cohort design, MRI scans were performed at a time when quantitative assessment of white matter progression on serial scans was not available. In addition, careful assessment of MRI-defined brain infarcts in participants with TIA or strokes to determine which were covert and overt was not performed. Such information would be important in determining more precisely the added value of serial MRI scans over a single scan. Finally, not all Cardiovascular Health Study participants underwent both MRI scans ( Figure) , and those who did were healthier in general than those who did not, 5, 6 suggesting that these results may underestimate the risk of these outcomes in the entire cohort.
Progression of covert MRI-defined brain vascular disease is associated with subsequent HF, stroke, and death. Interventions aimed to slow, halt, or reverse this progression may be worth exploring. The goal would be to reduce the risk of these outcomes. 
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Supplemental Methods
Details on the Methods are provided in prior publications, as indicated in the manuscript. Key publications should be available through links in the references of the online version of the manuscript. As an aid to the reader, some of the details from these prior publications are summarized in this supplement.
Each center's institutional review committee approved the study, and all participants provided informed consent.
All members of the CHS cohort were invited to undergo MRI scanning, and 3660 (62%) were scanned. They were younger and healthier than those who did not undergo MRI. The scanning protocol included sagittal T1-weighted localizer images and axial T1, spindensity, and T2-weighted images. Axial images had 5-mm thickness without interslice gaps. Without knowledge of any clinical information, neuroradiologists at the reading center identified infarcts and estimated the white matter, ventricular, and sulcal grades using a 10-point system and library of templates.
Brain infarct was defined as an area of abnormal signal intensity in a vascular distribution that lacked mass effect. Infarcts had to be hyperintense to gray matter on both spin density and T2-weighted images. 2, 3 To be considered infarcts in the white matter and brain stem, lesions also had to be hypointense on T1-weighted images, with intensities approaching that of cerebrospinal fluid. Because abnormalities <3 mm could not be reliably detected, all infarcts in these analyses had to be ≥3 mm.
The white matter signal changes of each individual were assessed on a semi-quantitative 10-point white matter scale (0 to 9) using predefined visual standards of 8 reference cases. 1, 4, 5 White matter grade (WMG) was estimated as the total extent of periventricular and subcortical white matter signal abnormality on spin-density-weighted axial images that successively increased from no (grade 0) or barely detectable changes (grade 1) to almost all white matter involved (grade 9). Volumetric analytic validation of this visual scale corresponded to a rank increase in white matter hyperintensity normalized for cerebral parenchymal volume. 6 For the change in WMG, readers assessed all scans sideby-side without knowing grades from previous readings or order of scans. Because of technical problems, 197 of original 2116 pairs of scans could not be read, leaving 1919 (91%) pairs. Demographics, cardiovascular risk factors, and prevalent cardiovascular disease were similar for these 197 and 1919 participants (data not shown).
The best way to understand what is meant to worsen by one grade is to consult the paper on worsening white matter 5 or an earlier paper from CHS on WMG where an example of the template used for scoring scans is reproduced (see Figure 1 in that paper).
Comparison of participants who had both the initial and follow-up MRI scans with those who had only the initial MRI scan. 
